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This thesis reports the results of an experimental 
investigation to determine the thermal conductance at the 
interface of metal specimens seuarated by wire mesh. Sets of 
metal specimens of copper, 2024-T4 aluminum, and 304 
stainless steel were used. The specimens were cylindrical, 
axially aligned, and hydraulically loaded. All tests were 
conducted in an air environment. Pressure applied to the 
specimens ranged from 50 to 500 psig. Surface roughness of 
the interfaces varied from 5 to 20 micro inches. ·rhe wire 
mesh separators were of 304 stainless steel in 20, 30, 40, 
amd 50 mesh. 
Results of the experiments show that: 
a) thermal conductance increases with an increase 
in mesh number and the corresponding increase in the number 
of contact points, 
b) an increase in contact pressure will increase 
thermal conductance in all cases and, 
c) at a given pressure and with a given mesh 
stainless steel screen, the specimen materials in order of 
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The area of heat transfer at the interface of two 
metals has in recent years been of increasing interest. 
Investigations have been conducted with bare metal surfaces 
in contact and with interfaces separated by various types of 
metal foils, adhesives, and screens. Another area of 
interest has been the directional heat flow experienced when 
using specimens of dissimilar metals. 
The thermal conductance between two metal surfaces is a 
function of the metal material itself, the surfaces, the 
material flatness, and the contact pressure. These are the 
contributing factors to the effective contact area, as noted 
by Fried and Costello (1)*, and hence the factors controlling 
the thermal conductance. This contact area is usually small 
compared to the apparent area of the metal surface in 
contact. The concept that the contact area is actually only 
a few discrete points was also presented by Fenech and 
Rohsenow (2) and they note that heat flow will channel through 
these few points in contact. Radiation and convection in the 
interstitial gas between the metal surfaces can be neglected 
for low temperatures. 
One of the first thorough studies of contact resistance 
was carried out by Cetinkale and Fishenden (J). They assumed 
*Parentheses refer to listings in Bibliography 
that the heat flow lines were parallel to the rod axis and 
conver~ed to the contact noints as the interface was 
approached. This was a result of the assumption that the 
thermal conductivity of the contact points was much ~reater 
than tr.e interstitial gas. They also assumed that as the 
contact pressure was increased, the contact points of the 
softer material will plastically deform until the pressure 
at the contact point is equal to its Meyer hardness. For 
other than ground surfaces their test data on steel, brass, 
and aluminum contacts were not consistent with the 
theoretical formulation. 
When two surfaces are in contact, the interfaces are 
lar~ely separated by air. 11he ratio of' the thermal 
conductivity of air to that of' a ~ood metallic conductor is 
of the order 1 to 104, as noted by Powell (4), which lends 
further substance to the idea that the essential means of 
heat trensfer at the interfaces of metal surfaces is a 
result of the metal-to-metal contacts. 
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Investi~ations have also been ~erformed on the 
determination of the effect of' interstitial materials on the 
thermal conductance of' metals in contact. Koh and John (5) 
concluded that in using foils between the interfaces of 
metal soecimens the softness of the foil material rather 
than its thermal conductivity is of nrime importance. The 
softer the foil material, the ~reater tendency it has to 
fill the ~aps around the contact noints. 
Barzelay, Tong, and Hollowey (6) nrovided one of the 
first investi~att0ns that resulted in substantial 
experimental data. Part of the conclusions drawn by them from. 
tests on thermal conductance are that foils nlaced at the 
interface of metals improve the conductance appreciably, 
thermal conductance increases with increasing mean interface 
ternnerature but remains relatively constant at different 
heat flow rates, and that bonding materials produce joints 
with noor thermal conductance. In further investigations by 
Barzelay, Tong, and Holloway {7) it was noted that 8S the 
interface pressure is increased the thermal conductance of 
interfaces likewise increases. The effect of nressure was 
more nronounced for softer materials. They also noted that 
as the temnerature levels were increased, the thermal 
conductance decreased due to warpage of the interface at 
hi~her temneratures. 
Under transient temperature conditions, Barzelay, Tong, 
and Holloway (8) concluded that the thermal conductance may 
vary considerably from snecimen to specimen and from. test to 
test on the same specimen. BRrzelay (9) later also noted that 
the interface conductance may vary considerably for 
essentially identical specimens but gave no substantial 
reason for this variation. 
At least one investigation has been made to find the 
effect of several interstitial materials on thermal contact 
conductance. Fletcher, Smuda, amd Gyorog (10) tested several 
materials to determine those most suitable for increasing 
the interface resistance. Cloth felt nrovided the best 
insulation while silicone nrovided the least thermal 
resistance of the materials tested which included gold leaf 
and indium foil which have high thermal conductivities. 
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Heat transfer Primarily takes nlace at ooints of 
contact for softer materials while for hard metals heat 
transfer also takes place through the interstitial gas. This 
observation was noted by Shlykov and Ganin (11). 
The effects of warpage of the interface surfaces of 
snecimens were also commented on by Rogers (12). He disputed 
the idea that non-uniform surface tel'J'lneratures resulted in 
thermal stresses and caused warpage in materials of low 
ther~al conductivity, e.g., steel. He conceded that warna~e 
may be of imnortance if an oxide film forms on the surface 
of the snecimens. 
Ro~ers also reported that there is a ~reater conductance 
when heat flows from aluminum to steel than from steel to 
aluminum. Tests conducted on directional effects for the 
co,nbinntion of steel and conner resulted in data noints too 
scattered to provide successfully any conclusions. 
Since these previous investi~ations leave many questions 
unresolved, oarticularly as related to the relative 
imoortance of macroscopic versus microscopic effects (effect 
of flatness versus roughness), this investigation was 
undertaken. In this investigation various mesh wire screens 
were llsed as interstitial materials between rnetel snecirnens 
and the i~terface conductance determined at a sin~le mean 
interface temnerature and at various contact nressures. The 
screen configurAtion was selected so that a nredomi~antly 
macrosconic contact area configuration could be st11died. 
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EXPERIMENTAL 1\'lE'rHOD 
A. Descrintion of Anne.retus 
The apnaratus used in the exneriment is shown 
schematically in Figure 1. The test fixture is shown in 
Fig;ure 2. A detailed drawing of a specimen is given c.s 
Fig;ure ). 
All specimens were 4 inches long and 1 inch in diameter. 
Four holes 1/2 inch deen were drilled in each suecimen to 
accom'1!odate thPrmocounles. FiF!:ure 3 shows the exact dimensions 
and locations of the thermocounle holes. The holes were 1/1~ 
inch diameter and drilled pernendicular to the axis of the 
snecimen. The diameter of the hole was just large enough to 
accommodate a ~hermocounle of 28 g;aug;e cooper-constantan. 
Thermocouples had a sPecified tolerance of ±1~°F from 
-75 to +200°F. 
A thermocounle was inserted in each hole until it ~ade 
Physical contact with the center line of the specimen. 
Another ther'1!ocounle was placed at the side of each hole 
just at the surface. All thermocouples were secured in nlace 
using epoxy adhesive. 
The interface surface of each specimen was machined 
nominally flat and smooth using a tathe cut. The rous:z:hness 
for all specimens varied from 5 to 20 micro-inches as 
mPasured with a nrofilometer. The surface of each interface 
















































To minimize radial heat loss one inch of glass wool 
(k = 0.022 Btu/hr ft °F) was wrapped around the two 
snecimens. An aluminum cylindrical shield was nlaced 
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around the glass wool. Thermocouples were mounted at 
positions on the inner surface of the aluminu~ cylinder with 
the same axial coordinates as the thermocouples ~ounted on 
the specimens. The radiation shield thermocouples were used 
to determine the radial heat loss from the specimens. 
Heat was supplied to the specimen pair from one of two 
heaters placed on either side of the specimens as shown in 
Figure 2. With this arrangement heat could be suoplied from 
either direction. D~ring these experiments the top heater 
was arbitrarily chosen since specimen pairs were of like 
material. A variable volta~e transformer was used to control 
the newer to the heaters durin~ experiments. 
Copper tubin~ was wrapped around the base of the 
heaters. One coil was used to nrovide a heat sink with tap 
water used as the cooling medium. 
De sired interface pres .c::ure s were obtai ned usi nr;r a. 
hydraulic pump and bourdon tube ~au~e. A calibrated load 
cell was used to check the bourdon tube gauge. 
An electronic ice noint cell was used to provide a 
32oF reference junction for the thermocounles. 
A digital millivoltmeter with rated accuracy of .1% was 
used to determine thermocouple outputs. 
B. Test Procedure 
After being fitted with thermocouples the sneci~ens 
were axially aligned in the test fixture. Wire mesh of one 
inch diameter was nlaced between the two speci~ens 8nd the 
column a~ain aligned. 
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An initial pressure of approximately 50 psig was applied 
to hold the specimens and wire mesh securely. The specimens 
were wrapped with ~lass wool insulation and the two niece 
cylindrical aluminum shield was nlaced around the ~lass wool. 
The power was controlled with the variable volta~e 
transformer to obtain a constant interface ternoerature of 
122°F with a maximum allowable variance of +2.5°F. Data were 
obtained at six different pressures for each of the four 
different meshes of wire screen and for each pair of like 
material specimens. Millivolt readings were recorded for all 
thermocouples after the system reached thermal equilibrium. 
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C. Data Reduction 
The rate of heat flow in the axial and radial 
directions, the interface temnerature, and the interface 
thermal conductance for the test specimens were determined 
using the following standard extended surface analysis. 
The heat flow rates in the circular specimen are 
denoted in Figure 4, 
t-- x _____,_, r--- dx 
qr 
Nomenclature For Heat Balance 
Figure 4 
where qx and qx+dx are the rates of heat flow in the axial 
direction at positions x and x+dx and qr is the heat flow in 
the radial direction. 
Then 
qx = qr + qx+dx' 
where qr was approximated by 
qr = 2nk'(T-T~) dx, 
ln(r0 /ri 
where T is the surface temperature of the specimen, k' is 
the thermal conductivity of the glass wool insulation, T0 
( 1 ) 
( 2) 
is the temperature of the radiation shield surrounding the 
specimen, ri is the outer radius of the specimen, and r 0 is 
the inner radius of the radiation shield. Applying Fourier's 
conduction law, 
qx = -kAdT ' dx 
where A is the cross-sectional area, k is the thermal 
conductivity of the snecimen, and dT is the change in 
temnerature over the length dx. Then equation (1) becomes 
-kAdT = -kA(dT+_.1(dT)dx) + 2nk'(T-'r0 )dx , 
dx dx dx dx ln(r0 /r 1 ) 
which simplifies to 
1.3 
( .3 ) 
( 4) 
It was assumed that the thermal conductivities of the ~lass 
wool and metal snecimens did not vary si~nificantly in the 
radial direction. 
The cross-sectional area of the snecimen, A, the ratio 
r 0 /ri, k, and k' were taken as constant for all tests and 
equation (4) is written as 
where 
Equation (5) is a second-order linear differential 
equation with the general solution of 




where A and B are constants deter~ined from the experimental 
temperature data boundary conditions. 
Equation (6) was solved and used with the experimental 
data and best fit method on an IBM .360/50 computer to 
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determine the axial temnerature distribution which was 
extrapolated to find the temuereture at the interface. The 
radial heat transfer rate was calculated using 
(2a) 
·rhe heat transfer rate at each specimen interface was then 
found from equation (3) in the form 
(3a) 
where ~T is the change in temperature between the interface 
and the first thermocouple position with a corresponding 
axial distance of ~x. 
The average rate of heat transfer, q, at the interfaces 
of the specimens was then used to calculate the interface 
thermal conductance, H, defined as 
( 7) 
where A is the cross-sectional area of the specimens and 




The test Rpecimens of this investigation consisted 
of aluminum, copner, and stainless steel cylindrical pairs 
using stainless steel wire screen of various meshes as the 
interstitial materials. Wire screens of mesh size 20, 30, 
40, and 50 strands/inch were used. Interface Dressures were 
varied from 50 to 500 psi. All tests were run at a constant 
mean interface temperature of 122±2.5°F. The experimental 
data are tabulated in Appendix A. Heat flow in all cases was 
from the upper specimen to the lower specimen. 
Stainless steel type 304 was used for the first series 
of tests. The specimens were made from round bar stock and 
had a thermal conductivity of about 9.4 Btu/hr ft °F. ·rhe 
stainless steel specimens were tested at constant mean 
interface temperatures usin~ stainless steel type 304 wire 
screen of mesh 20, 30, 40, and 50 strands/inch. The interface 
conductance varied from 36.5 to h7.2 Btu/hr sq ft °F for the 
wire screen of mesh size 20; from 42.2 to 78.9 Btu/hr sq ft °F; 
from 42.8 to 69.4 Btu/hr sq ft °F; and from 47.2 to 8?.3 
Btu/hr sq ft °F for wire screen of mesh sizes 30, 40, and 50, 
rPsnectively, over the oressure ranp;e of 50 to 500 psi. 
The aluminum specimens were made of 2024-T4 round bar 
stock with a thermal conductivity of approximately 110.0 
Btu/hr ft °F. Four pairs of specimens were tested each with 
a different mesh size of wire screen. The interface thermal 
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conductance ranged from 51.5 to 122.9 Btu/hr sq ft °F for 
pressures ranging from 5 to 500 psi for 20 mesh wire screen. 
The thermal conductance ranged from 52.1 to 124.8 
Btu/hr sq ft °F for 30 mesh, 74.4 to 171.0 Btu/hr sq ft °F 
for 40 mesh, and 62.9 to 176.2 Btu/hr sq ft °F for 50 mesh 
wire screen. 
The copper snecimens were made from round bar stock of 
electrolytic tough nitch copper, alloy 110, with thermal 
conductivity of approximately 230 Btu/hr ft °F. As with the 
aluminum soecimens the same four series of tests were 
conducted on the copper specimens. The interface thermal 
conductance ranged from 40.5 to 84.1 Btu/hr sq ft °F for 
wire screen of 20 mesh and 44.1 to 124.4 Btu/hr sq ft °F for 
30 mesh, 66.7 to 116.7 Btu/hr sq ft °F for 40 mesh, and 63.3 
to 174.6 Btu/hr sq ft °F for 50 mesh wire screen. 
'rhe relative contributions of conduction, convection, 
and radiation to the interface thermal conductance were 
found for one narticular specimen test. For the aluminum 
specimens using 50 mesh wire screen at 200 psi interface 
pressure a comoari son WPt s made of the theoretical conduction 
through the wire screen, conduction through the interstitial 
air, and radiation between the two specimen interfaces. 
Convection in all cases can be considered negligible due to 
the absence of appreciable fluid flow between the soecimen 
interfaces. 
For 50 mesh wire screen there are approximately 487 
contact points between the screen and the specimen interface 
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surface. The approximate area of each surface indentation 
due to the wire screen was 7.81xlo-5in2. This resulted in an 
approximate effective total contact area of J.8x10-2in2 , 
leaving 6.42xl0- 1in2 of contact area for conduction through 
the air. As shown in Table 7 there is about JO% open area in 
the 50 mesh wire screen through which radiation can take 
place between the specimen surfaces. The relative conduction 
by the wire screen, conduction by the air, and radiation 
between the specimen surfaces are 6).8 Btu/hr, 1.95 Btu/hr, 
and .080 Btu/hr respectively. These results show that 
conduction by the wire screen is the predominate means of 
heat transfer. 
An estimate of the uncertainty in the experimental 
values of conductance is presented in Appendix B. 
Effect of Contact Pressure. The thermal conductance at 
the interfaces of the specimens would be expected to increase 
as the interface pressure increases. In the initial 
situation when the two metal surfaces were brought together 
with the wire screen the points of contact between the 
surface of the specimen and the screen were made by he peaks 
of the cross-woven wire. As the interface nressure is 
increased the wire screen tends to flatten out and also 
starts to deform the metal specimen surface where the peaks 
of the woven screen have made con.tact. 'rhen as the physical 
area increases between the screen and the surface of the 
specimen the interface thermal conductance should also 
increase. As the mesh of the wire screen was increased the 
number of contact points increased. 
As shown in Figures 5 throQ~h 7 the interface 
conductance increased with increasin~ pressure. This 
increase was found to be nearly linear for the aluminum 
18 
and stainless steel specimen pairs for all the wire screen 
mesh sizes used as interstitial materials. The results for 
the cooper specimen pairs were somewhat inconclusive in that 
the interface thermal conductance increased at lower 
pressures and then remained relatively constant as the 
interface pressures exceeded apnroximately 100 psi. Instead 
of obtaining higher thermal conductances than for the 
aluminum and stainless steel speci~ens as exnected the 
thermal conductance of the conner snecimen were, p::enerally, 
less than the aluminum specimens but p::reater than the 
stainless steel snecimens for identical test conditions. 
Effect of Specimen Material. While the rate of increase 
of thermal conductance increased with iDcreasing interface 
pressure for aluminum test specimens the rate of increase of 
the interface conductance for the stainless steel snecimens 
proved to be lower than that for the aluminum snecimens. 
This comparison is shown in Figures 8 through 11. This result 
is in most part probably due to the fact that the stainless 
steel has a higher Brinell hardness number than aluminum, 
i.e., 150 BHN for stainless steel and 120 BHN for 2024-T4 
aluminum, and as a result the interface pressure had a 
lesser effect on the interface conductance of the stainless 
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and Holloway (7) when they concluded that the effect of 
ores~ure was more nronounced for softer materials. 
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The data for the copper snecimens did not correlate to 
exnected results in relationship to the aluminum and 
stainless steel curves. With increasin~ nres2ure for each of 
the wire screen meshes the interface conductance started to 
increase more rapidly than the aluminum specimens from 50 psi 
to approximately 100 psi but then rapidly started to level 
off or decrease in value. Since copper has a 100 BHN and a 
higher conductivity than aluminum and stainless steel it was 
expected that the interface conductance and also the rate of 
increase of interface conductance for the copper would be 
~reater than for the aluminum and stainless steel snecimens. 
As mentioned nreviously the results were contrary to this 
expectation. This may in oart be explained by the nossible 
warpa~e of the copner interface surface as the interf~ce 
pressure was increased which in turn increased the he8t flow 
throu~h the specimen producing thermal stresses. Even thou~h 
the interface temoerature was held constant this results in 
decreasin~ the uoper interface temoerature and increasing 
the lower interface temoerature of the snecimens. This 
anomaly was also noted by Barzelay, Tong, and Holloway (7) 
in that warna~e may be the cause of decreased conductance at 
hi~her temoerature levels, hence their findin~s lend in nart 
as a comnarison of similar experimental results. 
Directional heat flow effects between dissimilar 
27 
metals, i.e., between the aluminum snecimens and stainless 
steel wire screen and the copper scecimens and stainless 
steel wire screens, as noted by Rogers (12) between 
aluminum and steel should be counterbalanced in the results 
of this investigation. 
Effect of Wire Screen Mesh Size. The wire screen at the 
interface of the metal suecimens essentially reduces the 
interface thermal conductance. In comoarison the results of 
Fletcher, Smuda, and Gyorog (10) show that for 2024-T4 
aluminum in a vacuum environment of lo-5 to 10-6 torr the 
thermal conductance at 200 psi for bare metal contact is 
apuroximately 1500 Btu/hr sq ft °F at a mean interface 
temperature of 290°F. Because of the higher mean interface 
temperature the tests of Fletcher, et. al. (10), result in 
,o::reater thermal conductance values than this investi~ati:Jn. 
'The chan.-;e in mesh size of the wire screen at the 
interfaces of the test specimens in turn changed the 
interface thermal conductance. As shown in Fi.o-:ures 12 and 
13 the increasing of mesh number increases the interface 
thermal conductance ~t a given interface nressure. This is a 
result of more contact uoints being made between the peaks 
of the screen and the specimen s1rface. ~hen screen of lower 
mesh was used there was greater contact at the interface 
ner wire strand, but this has a lesser effect than the 
greater number of contact points using hiP;her mesh screen 
and hence the hi~her conductance was exhibited using the 
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interface thermal conductance with increasing interface 
pressure is greater for those ~etal specimens of lower 
Brinell hardness number. I'his result follows from the 
greater deformation of the interfaces where the wire mesh 
screen comes in contact with the specimen. 
JO 
CONCLUSIONS 
'The experimental results of this investigation give 
rise to the following conclusions: 
1) the thermal conductance increases with increasing 
mesh size and the corresponding increase in the number of 
contact noints, 
2) increases in contact pressure increase interface 
thermal conductance in all cases and, 
J! 
J) at a given pressure and with a given mesh st&inless 
steel screen, the specimen materials in order of decreasing 
interface conductance are aluminum, copper, and st8inless 
steel. 
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!!1m ~BtuLhr sg ft Op Lesil 
1 62.9 50 
2 91-.3 100 
.3 120.8 200 
4 1.32.6 .300 g 149.5 400 176.2 500 
7 74.4 50 
8 92.5 100 
9 106.2 200 
10 129.1 .300 
11 148.0 400 
12 171.0 500 
1.3 52.1 50 
14 57.4 100 
15 75.8 200 
16 91.4 .300 
17 116.7 400 
18 124.8 500 
19 51.5 50 
20 62.2 100 
21 81.7 200 
22 9.3.0 .300 
2.3 104.9 400 































SUPPLEMENTARY EXPERIMENTAL RESULTS 
Specimens: Aluminum-Aluminum 
Axial Radial Mean Interface Temperature 
Heat Flow Heat Flow Temperature Drop at 
Run (Btu/hr) (Btu/hr) (OF) Interface{°F) 
1 19.185 1.906 122.21 55-93 
2 25.190 1.935 122.49 52.06 
3 28.182 1.792 120.JJ 42.79 
4 27-761 1.626 120.88 J8.J8 
5 J0.050 1.792 121.08 J6.87 
6 33-550 1. 792 121.35 34.91 
7 22.430 1.811 121.84 55.30 
8 26.113 1.792 121.90 51.78 
9 28.001 1.820 122.10 48.35 
10 31.124 1.810 122.02 44.20 
11 3J.2f;8 1.785 121.45 41.21 
12 J5.8t14 1.78fi 121.58 38.47 
13 16.839 1.9J8 121.11 59-27 
14 18.85t1 1.883 120.51 60.26 
15 24.619 1.973 121.81 59-53 
16 27.297 1.952 121.75 54.78 
17 J1.fi28 1.925 120.91 49.fi7 
18 J2.J01 1.952 121.53 47.46 
19 18.fi80 1.971 121.86 66.45 
20 21.214 1.955 121.72 62.58 
21 25.288 1.939 121.19 56.74 
22 27-7fi7 1.968 121.97 54.7() 
23 29.143 1.958 122.20 50.52 





Interface Interface Wire Screen 
Conductance Pressure Mesh Size 
Run (Btu/hr sg ft OF) {ps1) (Strands/inch) 
1 63.3 50 50 
2 77·3 100 50 
3 122.1 200 50 
4 118.9 JOO 50 
5 128.7 400 50 
6 174.6 500 50 
7 66.7 50 40 
8 45.9 100 40 
9 78.) 200 40 
10 98.2 300 40 
11 118.0 400 40 
12 11fl.7 500 40 
13 44.1 50 30 
14 71.9 100 30 
15 83.0 200 30 
16 85.6 300 30 
17 100.7 400 30 
18 124.4 500 30 
19 40.5 50 20 
20 66.0 100 20 
21 79.0 200 20 
22 66.4 300 20 
23 70.8 400 20 
24 84.1 500 20 
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TABLE 4 
SUPPLEMENTARY EXPERIMENTAL RESULTS 
Specimens: Copper-Copper 
Axial Radial Mean Interf'ace Temperature 
Heat Flow Heat Flow Temperature Dron at 
Run (Btu/hr) (Btu/hr) (OF) Interf'ace(°F) 
1 20.490 1.834 121.66 59.38 
2 23.263 1.831 122.15 55.19 
3 33.082 1.819 121.34 49.67 
4 30.514 1.857 122.11 47.04 
5 31.305 1.851 122.06 44.61 
6 39-330 1.845 121.90 41.30 
7 23.406 1.835 122.80 64.35 
8 15.733 1.789 121.55 62.89 
9 24.212 1.791 121.49 56-72 
10 28.237 1.822 122.49 52.75 
11 31.431 1.778 121.46 48.86 
12 29.821 1.749 121.28 46.87 
13 17.120 1.988 122.06 71.18 
14 26.520 2.010 122.71 67.67 
15 28.178 1.972 121.44 h2.22 
16 27.934 1.976 121.71 59.82 
17 30.541 1.g54 121.24 55.f13 
18 36.116 1.959 121.34 53-24 
19 16.192 1.938 121.44 73-3f1 
20 25.448 1.951 122.42 70-72 
21 29.719 1.963 122.93 h9.00 
22 24.956 1.9R4 123.45 68.87 
23 25.176 1.926 122.65 65.22 




Specimens: Stainless Steel-Stainless Steel 
Interface Interface Wire Screen 
Conductance Pressure Mesh Size 
!hll! ~Btu(hr sg ft oFl ~J2Sil ~Strands(inchl 
1 47.2 50 50 
2 55.1 100 50 
3 6J.9 200 50 
4 74.9 300 50 
5 80.8 400 50 
6 87.3 500 50 
7 42.8 50 40 
8 47.8 100 40 
9 55.0 200 40 
10 70.8 )00 40 
11 fi8.0 400 40 
12 69.4 500 40 
13 42.2 50 )0 
14 45.0 100 )0 
15 5).6 200 JO 
16 60.0 300 )0 
17 70.2 400 )0 
18 78.9 500 )0 
19 )6.5 50 20 
20 40.5 100 20 
21 44.4 200 20 
22 51.9 )00 20 
23 54.9 400 20 
24 67.2 500 20 
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TABLE 6 
SUPPLEMENTARY EXPERIMENTAL RESULTS 
Specimens: Stainless Steel-Stainless Steel 
Axial Radial Mean Interface Temnerature 
Heat Flow Heat Flow Temnerature Drop at 
Run (Btu/hr) (Btu/hr) (OF) Interface(°F) 
1 6.172 1.88.3 120.44 2.3-98 
2 6.7)6 1.969 122.24 22.43 
J 6.722 1.94.5 120.97 19.29 
4 7.006 1.992 122.0.3 17.1.5 
.5 7.028 2.010 122.01 16.08 
6 7-1.38 1.984 121.90 14.99 
7 6.029 1.98h 122.0.3 2.5.82 
8 6.172 1.90.5 119.4.3 2).67 
9 6.7.51 1.982 121.77 22 • .51 
10 7.443 1.981 122.10 19.29 
11 7-194 2.017 122.77 19.39 
12 7.0{.,7 2.022 122.87 18.hh 
1.3 6.261 2.049 122.89 27.23 
14 h,.J6.5 2.041 122 • .54 2.5.92 
1.5 6.667 2.02.5 122.33 22.80 
16 6.7)0 2.0)2 122.2.5 20.57 
17 7.018 2.029 122.27 18.34 
18 7.140 2.016 121.h.5 16.59 
19 6.073 2.070 122 • .54 30.47 
20 6.J.54 2.078 122.70 28.73 
21 6.429 2.06.5 122.118 26.5.3 
22 6 • .568 2.048 122.h4 23 .. 19 
2.3 ().516 2 .. 044 122 • .59 21.78 
24 6.984 2.038 122 • .39 19.04 
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TABLE 7 
PHYSICAL CHARACTERISTICS OF WIRE SCREEN 
Material: Stainless Steel, Type 304 
Mesh Wire Diameter Open Area 
~StrandsLinchl ~inchesl ~Eercentl 
20 0.010 64.0 
30 0.010 48.9 
40 0.010 )6.0 
50 0.009 JO.J 
B. Uncertainty Analysis 
The experimental error of measured values in the 
nrocedure of this investi~ation WAs estimated. This 
42 
uncertainty of measured data is helnful in the deter•rination 
of the possible error of the experimental results. In 
finding the uncertainty of the interface thermal conductance 
the uncertainty of the rate of heat flow must be known. fhe 
axial heat flow rete through the snecimens was calculated 
using the equation 
where k is the thermal conductivity of the snecimen, A is 
the cross-sectional area of the snecimen pernendicular to 
the direction of heat flow, 6T is the ternnerature difference 
between two points a len~th 6x apart. 
The formula 
was used to estimate the uncertainty of the heat transfer 
rate, q. The chan~e in the cross-sectional area of the 
snecimens is negli~ible with resnect to other variances, 
therefore 8A was omitted. The change in distance between T 
( 1 ) 
two measured points in the specimen varied in tolerance as 
much as 0.020 inches so that 86x was estimated as 0 • 020 6x · · · 0.500 
or 4% where 0.500 inches was the smallest distance between 
measured points. 'The estimated variance in thermal 
conductivity between specimens was approximately 5%. Then 
the uncertainty of the heat transfer rate was estimated by 
43 
the following use of equation (1). 
( 2) 
The uncertainty of the interface thermal 
condt.:tetance was then estimated using the equation 
H = -..,....;;a.9=--..... A( f1T') ( 3) 
where H is the thermal conductance at the interface, A is 
the cros::::;-sectional area, and L1T' is the change in 
temperature across the interface. The uncertainty of H was 
estimated by 
(6H)2 = (~)2 + (~)2 + {~)2 
H q A t,T' 
where 6..! has already been considered nep;l igi ble. l'he A 
combination of equation (2) and (4) then results in 
The error in the measurement of the temperatures in the 
(4) 
(5) 
snecimens is a function of the accuracy of the thermocouples, 
the potentiometer, and the ice ooint reference cell. The 
thermocouples used have an accuracy of ±1.5°F from -75 to 
+200°F. The potentiometer and ice point cell have an 
accuracy of anproxi~ately .1% and 1%, resoectively. The 
total error associated with te~perature ~easurement was 
approximately 2.1%; therefore 
44 
In the test where the temnerature drop across the 
interface is the least, the greatest error will occur in 
calculAting the interface thermal conductance. The smallest 
temnerature drop across the interfaces of the specimens 
occurred using the stainless steel specimens with 50 mesh 
wire screen at 500 psi interface pressure. The temoerature 
drop was annroximately 15°F. 
The error in the measurement of the temnerature drop 
across the interface is a function of the deviation of the 
measured data extrapolated to the interface. The maximum 
deviation was annroximately 0.3%. 
The uncertainty is then a function of the temnerature 
dron across the interfaces. Equation (5) can be written as 
oH 2 A:A'r' 2 (.~H) = .oo5061 + <@>) (h) 
The uncertainty of the experimental results as a function 
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